Catechol-O-methyltransferase (COMT) genotype has been implicated as a vulnerability factor for several psychiatric diseases as well as aggressive behavior, either directly, or in interaction with an adverse environment. The present study aimed at investigating the susceptibility properties of COMT genotype to adverse and favorable environment in relation to physical and verbal aggressive behavior. The COMT Val158Met polymorphism was genotyped in a Swedish population-based cohort including 1,783 individuals, ages 20-24 years (47% males). A significant three-way interaction was found, after correction for multiple testing, between COMT genotype, exposure to violence, and parent-child relationship in association with physical but not verbal aggressive behavior. Homozygous for the Val allele reported lower levels of physical aggressive behavior when they were exposed to violence and at the same time experienced a positive parent-child relationship compared to Met carriers. Thus, susceptibility properties of COMT genotype were observed in relation to physical aggressive behavior supporting the hypothesis that COMT genotypes are modifying the sensitivity to environment that confers either risk or protection for aggressive behavior. As these are novel findings, they warrant further investigation and replication in independent samples.
the interaction between COMT Val158Met polymorphism, risk, and protective factors in relation to physical and verbal aggressive behavior.
The COMT gene codes for the catechol-O-methyltransferase enzyme. COMT degrades catecholamines such as dopamine, epinephrine, and norepinephrine [Pavlov et al., 2011 , Soyka, 2011 . The COMT gene is located on chromosome 22q at position 11.21, and carries a single nucleotide polymorphism (SNP), leading to a single amino acid-change in the translated protein. This SNP results in either a Valine (Val) or a Methionine (Met) amino acid at the 158th codon of the COMT gene (rs4680; COMT Val158Met; [Lotta et al., 1995; Niv and Baker, 2010] ). COMT is particularly important for the functioning of the prefrontal cortex, which is involved with personality, cognition, and executive functions. COMT assists in maintaining adequate levels of dopamine, epinephrine, and norepinephrine in the prefrontal cortex [Iofrida et al., 2014] . In addition, neuroimaging correlates of impaired cognition have been associated with COMT genotypes [Dickinson and Elvevåg, 2009; Goldman et al., 2009] .
The COMT Val158Met polymorphism has been implicated as a possible vulnerability factor for psychiatric diseases including schizophrenia, substance dependence, bipolar disorder, obsessive-compulsive disorder, anorexia nervosa, and attention deficit hyperactivity disorder (ADHD; [Iofrida et al., 2014] ). Specifically, the Met allele has been linked to aggressive, hostile, and violent behavior in schizophrenia patients [Volavka et al., 2004; Calati et al., 2011; Bhakta et al., 2012; Singh et al., 2012] . Met/Met carriers have also been found to express their anger more outwardly, whereas Val/Val carriers have been found to express it more inwardly in adult suicide attempters [Rujescu et al., 2003] . Val/ Val carriers scored higher on trait anger (i.e., disposition to experience anger) and anger control (i.e., the capacity to regulate anger) in adult suicide attempters [Baud et al., 2007] . Further, the Val allele has been found to be associated with overtly aggressive symptoms of conduct disorder in youth [Monuteaux et al., 2009] . Val/Val homozygotes had more symptoms of conduct disorder, were more aggressive, and were more likely to be convicted of criminal offenses compared with Met carriers in youth with ADHD [Caspi et al., 2008] . Youth carrying the Met allele had higher levels of both physical aggression and relational aggression (i.e., uses relationships to damage or manipulate others) relative to Valhomozygotes [Albaugh et al., 2010] . Altogether, evidence suggests that the COMT Val158Met polymorphism is linked to aggressive behavior. However, there are discrepancies across samples regarding the role of COMT genotype in various subtypes of aggressive behavior, with some studies showing an association with the Val allele and others showing an association with the Met allele. Also, these associations have primarily been investigated in clinical samples, although for an exception see [Albaugh et al., 2010] , and may, thus, be attributable to unmeasured genetic as well as environmental confounding [Nilsson et al., 2008] .
It has recently been suggested that more attention should be focused at well-powered novel and direct replications of candidate gene-by-environment interaction (cG Â E) studies [Duncan and Keller, 2011] . To date, the vast majority of these cG Â E studies have been based on the "diathesis-stress framework," which posits that some individuals, due to their biological, temperamental, and/or behavioral characteristics are more vulnerable to the adverse effects of negative experiences, whereas others are relatively resilient [Bakermans-Kranenburg and van IJzendoorn, 2007] . Indeed, cG Â E studies have shown that specific genotypes interact with adversity to increase the risk for aggressive behavior [Caspi et al., 2002] , with several replications across different antisocial behavior outcomes [Kim-Cohen et al., 2006; Oreland et al., 2007; Nilsson et al., 2008; van IJzendoorn et al., 2012; Nilsson et al., 2014] . There is also some evidence that COMT genotype interacts with adversity and later problem behaviors. For example, an interaction has been reported between the Val/Val genotype and a history of childhood sexual abuse among females in predicting lower impulsive aggression scores [Wagner et al., 2010] . The Val/Val genotype has been found to interact with maternal smoking during pregnancy in predicting youth aggressive behavior at ages 15 and 20 [Brennan et al., 2011] . In the presence of sexual abuse, individuals carrying the Val allele have been found to display greater disposition toward anger than individuals homozygous for the Met allele [Perroud et al., 2010] . Taken together, these findings suggest that Val/Val interacts with adverse and stressful experiences and later problem behaviors.
Recently, several theories have been put forward suggesting that people differ in their environmental sensitivity, both in their response to adverse as well as supportive aspects of the environment. For example, the "biological sensitivity to context" framework, predicts that individuals who are physiologically sensitive to their environment will benefit more from positive experiences and suffer more from adverse experiences compared to individuals who are less reactive [Boyce and Ellis, 2005] . Similarly, the "differentialsusceptibility" framework suggests that individuals vary in their plasticity or susceptibility to environmental influences. The genes that seem to make individuals excessively vulnerable to adversity may simultaneously provide advantage when it comes to benefiting from environmental support, including the absence of adversity [Belsky and Pluess, 2009; Pluess and Belsky, 2013] . In contrast to the "diathesis-stress" framework that describes individual differences in response exclusively to negative influences, the positive end of environmental sensitivity is referred to as the "vantage sensitivity" framework [Pluess and Belsky, 2013] . The "differentialsusceptibility" framework may as such be viewed as a combination of the "diathesis-stress" and "vantage sensitivity" frameworks. Thus, the common notion across these frameworks is that sensitive individuals differ not only in their response to environmental adversity but also in response to positive, supportive aspects of the environment. An over-arching meta-framework of "environmental sensitivity" has, therefore, been suggested [Pluess, 2015] . There are a several studies reporting findings in line with the "environmental sensitivity" framework. For example, childhood maltreatment has been found to impact cognitive performance among Met/Met carriers. Exposure to early adversity was associated with enhanced cognitive flexibility, suggesting that COMT may operate as a plasticity gene that provides differential cognitive capacity to respond to environmental stressors [Goldberg et al., 2013] . Individuals who were exposed to hostile parenting during adolescence were more hostile toward their romantic partner in adulthood if they had higher scores on a cumulative genetic index including COMT, but less hostile toward a romantic partner if their parents displayed low levels of hostility. Thus, the genotype moderated the connection between earlier experiences in the family of origin and future romantic relationship behaviors, for better and for worse [Masarik et al., 2014] . These findings suggest that COMT may not only confer risk for various outcomes, but rather increase sensitivity to both positive and negative environmental experiences. Thus, cG Â E studies have the potential of not only confirming the role of COMT as a risk factor for aggressive behavior, but also to identify protective factors even among those exposed to an adverse environment [Keller, 2014] . This will increase our understanding of the underlying mechanisms connecting environmental exposures-both protective and risk-and adverse outcomes.
The warrior/worrier hypothesis posits that individuals carrying the Val allele have increased COMT activity and lower prefrontal extracellular dopamine compared with those with the Met substitution. Individuals who carry the Val allele are believed to have an advantage in unpleasant and stressful situations (i.e., warrior strategy), while carriers of the Met allele have an advantage when it comes to memory and concentration tasks (i.e., worrier strategy) [Stein et al., 2006] . However, if this is true, there is no "real" plasticity; rather different genotypes that are sensitive to different environments. In a "goodness of fit" GxE model, an individual does not inherit a genetic risk for a disorder, but rather inherits a need for a particular level of structure in the social environment [Reiss et al., 2013] .
Using data from a large Swedish population-based, cross-sectional, and retrospective project, the present study examined the associations of physical and verbal aggressive behavior with (1) COMT genotype, and (2) two-and three-way interactions of COMT genotype with exposure to violence, neglect, and parentchild relationship. In line with the 'environmental sensitivity' framework, we hypothesized that COMT genotype would influence sensitivity to exposure to violence, neglect, and parent-child relationship. In accordance with previous studies examining the interaction between COMT genotype, adversity, and later problem behaviors [Perroud et al., 2010; Wagner et al., 2010; Brennan et al., 2011] , we expected Val/Val carriers to be more sensitive to environmental exposures. In the presence of adversity, the Val/Val alleles were hypothesized to act as a risk for physical and verbal aggressive behavior, while in the presence of a favorable environment the Val/Val alleles would increase the sensitivity to these promotive factors (i.e., vantage sensitivity). As there are mixed findings regarding which COMT genotype confers risk for various subtypes of aggressive behavior, [e.g., Rujescu et al., 2003; Albaugh et al., 2010] , no additional specific hypotheses were postulated.
METHODS

Participants and Procedures
Participants in the present study were drawn from the Retrospective Study of Young People's Experiences (RESUME), which is a Swedish population-based, cross-sectional, and retrospective study. RESUME examines the association of adverse and stressful experiences in childhood and adolescence with various outcomes in young adulthood including criminal behavior, aggressive behavior, mental and physical health, as well as social adjustment. The sample consists of 2,500 randomly selected individuals (1,314 females; 1,186 males) born between 1987 and 1991. At the time of study start, the participants were between 20 and 24 years old (mean age ¼ 22.15, SD ¼ 1.38). Participants were initially recruited from a pool of 20,827 individuals who had been drawn from a national population register at Statistics Sweden and who also had a valid phone number. To investigate whether non-participants (those who had declined, were never reached, or the target number of 2,500 had been reached) differed from participants, a comparison was made between 30 randomly selected non-participating males and females and the included 2,500 participants. No significant differences between participants and non-participants were found on key outcomes and demographics, with the exception of "been forced to participate in sexual activities," which was only reported by the participants [Cater et al., 2014] .
The data were collected between March and December, 2011. Trained interviewers administered the study protocol, including informed consent, a face-to-face interview, questionnaires, and collection of DNA saliva samples. The questionnaires were completed by the participants on an iPad. The entire session took on average 1.5 hr and the participants received a small monetary compensation for their participation. In the present study, only data from the questionnaire and DNA were used. The study was evaluated and approved by an ethics committee (#2010/463). For more details regarding study protocol and procedure, see [Cater et al., 2014] .
Measures
Physical and verbal aggressive behavior. Physical and verbal aggressive behavior were assessed using Buss and Perry's Aggression Questionnaire (AQ; [Buss and Perry, 1992] ). Nine items were used to measure physical aggressive behavior (e.g., "Once in a while I can't control the urge to strike another person," "If I have to resort to violence to protect my rights, I will," "I have threatened people I know"), and five items were used to measure verbal aggressive behavior (e.g., "I tell my friends openly when I disagree with them," "When people annoy me, I may tell them what I think of them," "My friends say that I'm somewhat argumentative"). All items were rated on a 7-point scale ranging from 1 ("Not at all like me") to 7 ("Exactly like me"), and no specific time frame for the items was specified. The internal consistency of the AQ's scores and the validity of their interpretation have been supported in young adults [Archer and Webb, 2006] . Responses were summed and averaged to create a physical and verbal aggressive behavior score, respectively, with higher scores indicating higher levels of aggressive behavior. Cronbach's Alpha (a) in the present study was a ¼ 0.81 for physical aggressive behavior and a ¼ 0.79 for verbal aggressive behavior.
Exposure to violence. Eleven items were used to measure exposure to violence (e.g., "Has anyone ever tried to grab you around the neck and chocked you?," "Has anyone ever hit or beaten you, e.g., at home, in school, or elsewhere?"). Six of these items came from the Juvenile Victimization Questionnaire (JVQ) [Hamby et al., 2004; Finkelhor et al., 2005] and the remaining five items were taken from other studies, see [May-Chahal and Cawson, 2005; Janson et al., 2007] . The items had a 6-point response format running from 0 (0 times) to 5 (5 times or more). Responses were summed to create a total score (ranging from 0 to 55) indicating severity of experiencing violence (a in the present study ¼ 0.86).
Neglect. Five items were used to measure neglect (e.g., "When someone is neglected, it means that the caregivers do not take care of them as they are supposed to do. Maybe enough food was not provided. Growing up, were you neglected?," "Growing up, did it happen that you had serious troubles, were sad or worried, lacking anyone to help you, listening to you, calming you down and take your concerns seriously and/or, protect you against any threats?"). One of these items came from the JVQ [Hamby et al., 2004; Finkelhor et al., 2005] , and the remaining four items were taken from other studies, see [SOU, 2000; May-Chahal and Cawson, 2005] . The items were reported in a 6-point response format running from 0 (0 times) to 5 (5 times or more). Responses were summed to create a total score (ranging from 0 to 25) indicating the severity of neglect (a in the present study ¼ 0.77).
Parent-child relationship. Parent-child relationship was measured using the following items: "How would you describe your relationship with your (1) mother, (2) father?" These items had a 4-point response format, running from "very close" to "not very close at all" [Nilsson et al., 2014] . Thereafter a parent-child relationship summation index (ranging from 1 to 8) was created to investigate the protective properties (i.e., with a higher score indicating a more positive parent-child relationship) of the family environment in the interaction models.
Genotyping
DNA was extracted from 200 ml of saliva collected with the Oragene self-collection kit (DNA Genotek 1 ) using the silica-based Kleargene DNA extraction method. Genotyping analyses of single SNPs were performed using the Kbioscience Allele-Specific Polymorphism assay (KASP) based on competitive allele-specific PCR and bi-allelic scoring of the single SNPs. No-template control samples were included to enable the detection of contamination or nonspecific amplification. The COMT single SNP was examined: Methionine (Met, AA), Valine (Val, GG), and Valine-Methionine (Val-Met, GA). A saliva sample was provided by 1,870 of the participants in RESUME and COMT genotype data were available for n ¼ 1,783. COMT genotype frequencies were in Hardy-Weinberg equilibrium (P ¼ 0.48).
Statistical Analyses
Descriptive statistics for all measures were computed. Sex differences between the measures were examined by applying t-tests and chi-square (x 2 ) tests. Correlations among exposure to violence, neglect, and parent-child relationship were also calculated. The effects of COMT genotype and the environmental factors on physical and verbal aggressive behavior were estimated by applying ordinary least-squares regression. As the distributions of physical and verbal aggressive behavior scores were skewed, the data were transformed by taking a logarithm. All predictors were centered before running the analyses. All analyses were adjusted for age and sex. We ran four separate models, in the first model, the main, and interactive effects of COMT genotype, exposure to violence, and parent-child relationship on physical aggressive behavior were estimated. The predictors were entered in three steps hierarchically. In the first step, main effect of COMT, exposure to violence, parent-child relationship were included. In the second step, two-way interactions between COMT and the environmental variables were included. Finally, in the third step, threeway interactions between COMT, exposure to violence, and parent-child relationship were included. Similarly, in the second model, we analyzed the main and interactive effects of COMT, neglect, and parent-child relationship on physical aggressive behavior. The third and the fourth models predicted verbal aggressive behavior using COMT, exposure to violence or neglect, and parent-child relationship. Correction for multiple comparisons was performed by applying the false discovery rate (FDR). Analyses were conducted in the statistical software SAS [SAS, 2002 [SAS, -2004 and SPSS [SPSS, 2009] . Table I presents the number of participants, means, and standard deviations of the study variables. Mean differences were found with males displaying higher scores on average than females on physical aggressive behavior (t ¼ 14.33, df ¼ 1,781, P < 0.001) and verbal aggressive behavior (t ¼ 7.93, df ¼ 1,781, P < 0.001). Genotype frequencies did not differ between males and females (x 2 ¼ 0.85, df ¼ 2, P ¼ 0.65). Males reported to a larger extent than females having been exposed to violence (x 2 ¼ 76.45, df ¼ 1, P < .001). Of the males, 68% reported having been exposed to at least one violent act, compared to 48% of the females. Females (13%) had to a larger extent than males (9%) been exposed to neglect (x 2 ¼ 8.99, df ¼ 1, P ¼ 0.003). No difference between males and females regarding parent-child relationship was found.
RESULTS
Descriptive Statistics and Correlations
Importantly, no differences on any of the study variables were found between the participants who had donated a saliva sample (n ¼ 1,783) and the participants who had declined to donate (n ¼ 717). The two groups showed a fairly similar pattern regarding mean values, that is, males reported higher scores on both physical and verbal aggressive behavior and had to a larger extent been exposed to violence, whereas females had to a larger extent been exposed to neglect. There was no difference between males and females regarding parent-child relationship (results not shown, but can be provided upon request).
Phenotypic correlations among exposure to violence, neglect, and parent-child relationship are presented in Table II . Exposure to violence, neglect, and parent-child relationship was low to moderately correlated in both males (r ¼ À0.20 to 0.15, P < 0.01) and females (r ¼ À0.35 to 0.44, P < .01). Parent-child relationship was negatively correlated with both exposure to violence and neglect. Exposure to violence was positively correlated with neglect in both males (r ¼ 0.15, P < 0.01) and females (r ¼ 0.44, P < 0.01).
Participants who had been exposed to at least one violence act, as compared to those who had not, reported higher scores of both physical (t ¼ À13.42, df ¼ 1,781, P < 0.001) and verbal aggressive behavior (t ¼ À6.50, df ¼ 1,781, P < .001). Scores for both physical (t ¼ À3.84, df ¼ 1,781, P < .001) and verbal aggressive behavior (t ¼ À2.59, df ¼ 1,781, P ¼ 0.01) were also higher among those who had experienced neglect compared to those who had not. Those who had a positive parent-child relationship, as compared to those who did not, reported lower scores on physical aggressive behavior (t ¼ 3.82, df ¼ 1,781, P < .001). No differences were observed in levels of verbal aggressive behavior depending on their parent-child relationship (t ¼ 1.28, df ¼ 1,781, P ¼ 0.20) (results not shown, but can be provided upon request).
Univariate analysis of variance showed no main effects of COMT on exposure to violence (F (1, 1,781) ¼ 0.66, P ¼ 0.42), neglect (F (1, 1,781) ¼ 1.96, P ¼ 0.16), parent-child relationship (F (1, 1,779) ¼ 0.38, P ¼ 0.54), physical aggressive behavior (F (1, 1,781) ¼ 0.10, P ¼ 0.75), and verbal aggressive behavior (F (1, 1,781 ) ¼ 2.27, P ¼ 0.13).
COMT Â Exposure to Violence Â Parent-Child Relationship on Physical Aggressive Behavior
The results from the hierarchical regression analyses with physical aggressive behavior as the outcome and COMT genotype, exposure to violence, parent-child relationship as independent variables are presented in Table III . Only main effects of exposure to violence and parent-child relationship were observed in Step 1. None of the twoway interactions added in Step 2 were significant. The three-way interaction added in Step 3 was significant (b ¼ À0.01, SE ¼ 0.02, P ¼ 0.002) and resulted in an increment in variance explained (DR 2 ¼ 0.004, P < 0.05). The FDR-adjusted P-value for the threeway interaction was 0.005.
The three-way interaction between COMT genotype, exposure to violence, and parent-child relationship is illustrated in Figure 1 . . Furthermore, the Val/Valhigh Exposure to Violence slope was significantly different from Met/Met-high Exposure to Violence slope (t ¼ 2.20, P ¼ 0.03), whereas no significant difference was observed between the slopes for Val/Val and Met/Met carriers at low levels of Exposure to Violence (t ¼ 1.88, P ¼ 0.06). We have also conducted region of significance analysis for high Exposure to Violence (1 SD above the mean) group by using PROCESS 2.15 in SAS (http://www. processmacro.org/). Region of significance analysis showed that the interaction between high Exposure to Violence and the genotype proved significant when Parent-child relationship was lower than 5.13 (i.e., approximately 1.0 SD below the mean) and higher than 9.66 (i.e., 2 SD above the mean).
COMT Â Neglect Â Parent-Child Relationship on Physical Aggressive Behavior
The results from the hierarchical regression analyses with physical aggressive behavior as the outcome and COMT genotype, neglect, parent-child relationship as independent variables are presented in Table IV . Main effects of neglect and parent-child relationship were observed in Step 1. No effect of COMT was observed, Table IV. A two-way interaction effect between COMT and neglect was observed in Step 2. After adjusting for multiple testing, the interaction was not significant (FDR-adjusted P ¼ 0.12). The three-way interaction added on Step 3 was not significant.
COMT Â Exposure to Violence Â Parent-Child Relationship on Verbal Aggressive Behavior
The results from the hierarchical regression analyses with verbal aggressive behavior as the outcome and COMT genotype, neglect, parent-child relationship as independent variables are presented in Table V . A main effect of exposure to violence was observed in Step 1. A two-way interaction between COMT and exposure to violence was observed in Step 2. However, after adjusting for multiple testing, the interaction was not significant (FDR-adjusted P ¼ 0.08). The three-way interaction added in Step 3 was not significant.
COMT Â Neglect Â Parent-Child Relationship on Verbal Aggressive Behavior
Hierarchical linear regression analysis of the main and interaction effects of COMT, neglect, and parent-child relationship on verbal aggressive behavior are presented in Table VI . Neither two-way nor three-way interactions were significant, Table VI .
DISCUSSION
We examined the effects of exposure to violence, parent-child relationship, and COMT genotype on physical and verbal aggressive behavior. We found a three-way interaction between exposure to violence, parent-child relationship, and COMT genotype on physical aggressive behavior, whereas no such effect was found for verbal aggressive behavior. Val/Val carriers reported lower levels of physical aggressive behavior when they were exposed to violence and at the same time experienced a positive parent-child relationship compared to Met carriers. The "environmental sensitivity" framework posits that the genes that seem to make individuals overly vulnerable to adversity may at the same time provide advantage when it comes to benefiting from exposure to environmental support, including merely the absence of adversity [Aron and Aron, 1997; Boyce and Ellis, 2005; Belsky and Pluess, 2009; Pluess, 2015] . In line with this framework and our hypothesis, we found that Val/Val carriers were more sensitive to a positive parent-child relationship when simultaneously being exposed to an adverse environment as compared to Met carriers. It may be plausible to speculate that sub-and supra-optimal COMT mediated dopaminergic activity are not beneficial in the presence of adversity, but in the presence of a favorable environment. Whereas intermediate COMT activity associated with the heterozygosity at this locus might bring along stability and less sensitivity to environment. Our results on physical aggressive behavior suggest that individuals with Val/Val genotype were much more sensitive and adaptable to the environmental context. If our findings are replicated, this suggests that promoting positive parent-child relation- ships could reduce the risk of aggressive behavior, even among those most sensitive to adversity. The concept of environmental sensitivity supports a non-deterministic view of aggressive behavior and-most importantly-supports new possibilities toward more successful intervention strategies. Further, the Val allele has been associated with higher COMT activity in the prefrontal cortex, and lower synaptic dopamine levels [Chen et al., 2004] . A U-shaped functional/dose-response curve has been found to illustrate the relationship between dopamine levels and cognitive performance, indicating sub-optimal performances for Val carriers which can be improved in the presence of increased dopaminergic transmission [Meyer-Lindenberg et al., 2005; Meyer-Lindenberg and Weinberger, 2006] . According to the warrior-worrier hypothesis, individuals with carrying the Val allele which may be worst at cognitive functioning and information processing, under stress become warriors (i.e., warrior strategy), compared to Met allele carriers (i.e., worrier strategy) [Stein et al., 2006] . In the present study, Val/Val carriers experiencing high exposure to violence were more likely to engage in physical aggressive behavior compared to Met carriers. Whereas in the presence of both a supportive and an adverse environment, Val/Val carriers reported lower levels of physical aggressive behavior compared to Met carriers.
We also found that exposure to violence and neglect were independently associated with physical aggressive behavior. Our results further showed that COMT genotype was not on its own associated with either physical or verbal aggressive behavior, providing evidence for the investigation of gene by environment interactions. In line with previous research [e.g., Craig and Halton, 2009] , males were displaying higher levels of both physical and verbal aggressive behavior. Males had to a larger extent been exposed to violence, whereas females to a larger extent had been exposed to neglect. Further, there are inconsistencies in the literature regarding which COMT genotype confers risk for various subtypes of aggressive behavior [Rujescu et al., 2003; Baud et al., 2007; Caspi et al., 2008; Monuteaux et al., 2009; Albaugh et al., 2010; Yeh et al., 2010] . Our results showed that for physical aggressive behavior, the Val/Val genotype was most sensitive to adverse as well as favorable environment. Physical and verbal aggressive behavior were also fairly low correlated in our sample (r ¼ 0.34, P < 0.001), suggesting that they represent distinct forms of aggression, at least among adults. These findings together suggest that future studies on COMT genotype and aggressive behavior should differentiate between various subtypes of aggressive behavior, as well as include both adverse and promotive factors, which appear to alter the direction of the cG Â E interaction.
Strengths and Limitations
As RESUME is a retrospective self-report study, recall bias could potentially lead to differential misclassification of the various types of environmental exposures included in the study. Also as RE-SUME is a cross-sectional study, a further limitation is the lack of temporal ordering of predictors and outcomes. Then again, as RESUME is a population-based study, it is most likely not suffering from sampling (i.e., non-random sample) bias. In RESUME, there is no information regarding prescription and over-the-counter (OTC) drugs. This is a further limitation as there could be a druggene interaction that we did not control for. Parent-child relationship was measured with two items only; a more detailed measure may have been able to capture more in-depth information regarding this relationship. It is also possible that our environmental exposures could be confounded by other environmental factors. Given these inherent limitations of the current study design, our findings should, therefore, be replicated in an independent sample. As a matter of fact, many gene-association studies incorporate a replication sample. A further limitation is related to the fact that in GxE studies, it is possible that E is accounted for by genetic influences (i.e., gene-environment correlation, rGE). However, to examine GxE in the presence of rGE would require a different study design than ours; to include molecular data nested within twin/ dyad data. Finally, there is a debate about the validity of candidate gene and cG Â E studies and which study designs in genetics that should be preferred [Duncan and Keller, 2011; Iofrida et al., 2014; Keller, 2014; Vassos et al., 2014] . It has also been suggested that there is a need to move beyond the "diathesis-stress" perspective. According to the "environmental sensitivity" framework, some individuals are, for genetic reasons, more responsive to both negative and positive environmental influences. Thus, it is possible that one reason cG Â E findings often do not replicate is the misconceptualization of candidate genes as risk genes [Pluess and Belsky, 2012] . Bearing our result in mind, the effect of the COMT gene in interaction with an adverse environment was furthermore altered by adjusting for the effect of a favorable environment, suggesting plasticity properties also of the COMT gene. Recent cG Â E studies applying the "environmental sensitivity" framework [Bakermans-Kranenburg and van Ijzendoorn, 2011; van IJzendoorn et al., 2012; Nilsson et al., 2014] show promising results suggesting that we are getting closer to determine whether these plasticity genes actually affect phenotypic expression depending on environmental influences. But the biological mechanisms behind these effects-how the differences in phenotypic expressions occur-are as yet unknown. However, until the complex mechanisms involved in genetic-phenotypic associations are better understood, various research designs are complementary and most likely needed.
CONCLUSIONS
Significant interactions were found between COMT genotype, risk, and protective factors in relation to physical aggressive behavior. Importantly, Val/Val carriers that were exposed to violence and at the same time experienced a positive parent-child relationship reported lower levels of physical aggressive behavior compared to Met carriers. These findings expand our knowledge on the relationships between COMT genotype, risk and protective factors, and problem behaviors. Future research should focus on the underlying neurobiological mechanisms behind these associations to further aid more successful intervention strategies.
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